, seventy-eight samples were collected from the small streams in the area of the Boubín Mountain including also the natural preserve "Boubínsky prales" (Boubín primeval forest) (Šumava Mts, Czech Republic). Nineteen species of thecamoebians were identified in the samples; the most abundant species were Centropyxis orbicularis, Pontigulasia compressa, Centropyxis aculeata, Difflugia oblonga and Centropyxis arcula. Species composition of assemblages as well as ecological affinities of the most common taxa are comparable with data from the previously analysed streams in the Šumava Mts. This correlation improves the quality of data for environmental preferences of thecamoebian assemblages contained in the streams and these can be used for interpretation of ancient environments. Though species composition of assemblages changes gradually, two end-member assemblages can be defined. For both assemblages, environmental conditions were defined: Lower-diversity assemblages dominated by centropyxids originated mainly from standing water with low content of organic debris. Relative abundances of C. orbicularis showed negative correlations with abundances of other Centropyxis spp. which may indicate different ecological affinities of this species. Centropyxis orbicularis may tolerate higher levels of fine organic debris in stream sediments. Assemblages with common to abundant occurrences of P. compressa and/or D. oblonga prefer running water. Difflugia oblonga dominated in samples with higher content of fine organic debris. Relation between test size of D. oblonga and flow rate was recorded: large D. oblonga prevailed in standing water while small specimens dominated in fast streams.
Introduction
Thecamoebians (or testate amoebae) are a group of testate protists found worldwide in freshwater to slightly brackish environments as well as in terrestrial, humid environments (soils, mosses) . Recently attention has been given to the factors influencing the distribution of thecamoebian assemblages. This type of data enables to use thecamoebians as ecological and subsequently paleoecological indicators (synthesis Charman 2001) . Taxonomy and ecology of freshwater thecamoebians (mainly from lakes, less from streams) has been well documented in recent decades (e.g., Margalef 1955; Grospietsch 1958; Morcazewski 1961; Schönborn 1962; Štěpánek 1967; Golemansky 1970 Golemansky , 1973 Laminger 1974; Smagowicz 1975; Opravilová 1974 Opravilová , 1977 Opravilová , 1980 Opravilová , 1983 Opravilová & Štěpánek 1980; Haman 1982; Medioli & Scott 1988; Collins et al. 1990; Foissner 1994; Asioli et al. 1996; Patterson et al. 1985 Patterson et al. , 1996 Reinhardt et al. 1998; Dalby et al. 2000; Balík & Song 2000; Patterson & Kumar 2002) .
This area of the Šumava Mts is characterized by a high diversity of freshwater environments including springs, wetlands, lakes, creeks, rivers and peat bogs. Therefore, this area was chosen for the detailed analysis of differences in thecamoebian assemblages from various fresh-water bodies (Holcová & Lorencová 2004a, b; Holcová 2007) .
With the neighbouring Bavarian Forest, the Šumava Mts comprise the largest forest complex in Central Europe that is still preserved in a near natural condition. Šumava is influenced by a mixed continental and oceanic climate marked by a small annual fluctuation in average temperature. Cold, wet weather prevails. Annual precipitation varies between 800 and 1500 mm (Valenta & Kadoch 1996) . During our study two anomalous years of precipitation were recorded. Maximal precipitation in the whole period of meteorological observations in the Šumava Mts was recorded in the year 2002 (1549 mm in comparison with average value 1091 mm). Precipitation during August 2002 reached 383 mm in comparison with an average value 115 mm (Strnad 2003) . This high precipitation resulted in two very intensive flood waves in August 2002. This year was followed by anomalous dry year (2003) .
Numerous springs, wetlands, peat bogs, creeks, rivers and ponds make the Šumava region an important water source. The hydrology of the Šumava Mts has been intensively studied in recent years and much hydrological, limnological and hydrobiological data have been published (e.g., Veselý 1994; Vrba et al. 2000) .
The first mention about thecamoebians from the Šumava Mts appeared by Frič & Vávra (1903) , which studied lacustrine thecamoebians. Assemblages from mosses were analyzed by Bartoš (1949 Bartoš ( , 1951 and Balík (1992) , the soil thecamoebians have been described by Rosa (1958) .
Since 1998, thecamoebians from various freshwater bodies have been studied in detail (Holcová & Lorencová 2004a, b; Holcová 2007 ). The first results were summarized for the area of the Upper Vltava River where streams flowing through the peat bogs were studied (Holcová 2007) . A negative correlation between abundances of centropyxids and Pontigulasia compressa divided the assemblages from the streams of the Upper Vltava River into two basic groups. Samples dominated by centropyxids originated mainly from stream pools and standing water and assemblages with common to abundant occurrences of P. compressa preferred the running water. A "bloom" of Centropyxis orbicularis characterized assemblages following a flood event in August 2002.
The aim of this work is to compare thecamoebian assemblages from the Upper Vltava River with assemblages from the small streams in the primeval forest area in the Mt. Boubín. An agreement of ecological affinities of thecamoebians in both areas increases reliability of ecological data in order to use them in paleoecological interpretation.
Boubín primeval forest
The Boubín Mountain (1362 m) represents one of the highest mountains of the Šumava Mts which is situated in the "Boubínska vrchovina" highlands. The area lies outside of the Šumava National Park north of village Zátoň in the NE margin of the Šumava Mts (Fig. 1) .
The natural preserve "Boubínsky prales" (Boubín primeval forest) is situated on the SE steep slope of the Boubín Mt. at an altitude of 874-1362 m above sea level. The centre of preserve is primeval forest composed of beech, spruce and fir. The forest has been protected since 1858 and represents one of the oldest and the most noted protected area in the Central Europe (Albrecht et al. 2003) . The "Kaplický potok" brook with numerous non-name tributaries run through the centre of the forest. A small reservoir ("Boubínske jezírko"), used for timber rafting, was built on the "Kaplický potok" brook in 1836 at an altitude of 920 m a.s.l. The area of reservoir is 0.37 ha, maximal depth 4 m (Tesař 2003) . The reservoir is a spill pond in agreement with character of zooplankton which is similar to zooplankton from the flowing water (Kočárek 2003) . On the other slopes of the Boubín Mt., a cultural forest occurs. The "Kubohuťský potok" brook situated on the W slope of the Boubín Mt. represents the other larger stream of the area.
Material and methods

Field sampling
Sample points were concentrated in the three areas to compare thecamoebian assemblages from the streams in the primeval and cultural forest and from the standing water of the reservoir ( Fig. 1): (1) Samples "BP" originated from the "Kaplický potok" brook and its tributaries in the SE slope of the Boubín Mt. in the protective belt of the natural preserve "Boubínsky prales" -primeval forest. Number of sample points: 23, number of samples: 53.
(2) The "Boubínske jezírko" reservoir (BJ). Number of sample points: 5, number of samples 12.
(3) Samples "KH" originate from small tributaries of the "Kubohuťský potok" brook flowing through cultural forest. The area is situated in the W slope of the Boubín Mt., west and southwest of the village Kubova Huť. Number of sample points 12, number of samples 13.
Sampling was performed during five field trips:
(1) September 1999: benchmark sampling tested for the presence or absence of thecamoebian assemblages in the principal biotopes: BJ (1 sample), BP (1 sample), KH (1 sample);
(2) August 2001: (i) detailed sampling tested for variability within microhabitats: BP (4 samples), BJ (4 samples), KH (4 samples). Results were published by Holcová & Lorencová (2004a) ; (ii) sampling from sample points: BP (4 samples), KH (8 samples);
(3) October 2002: sampling from sample points: BJ (3 samples), BP (10 samples);
(4) October 2004: sampling was repeated from some sample points: BJ (2 samples), BP (17 samples);
(5) May 2005: sampling was repeated from some sample points: BJ (2 samples), BP (18 samples).
In total, seventy-eight samples were analyzed. Laboratory methods used are described by Holcová (2007) . All sample sites were located using a global position system (GPS) device and the following characteristics of the environment were recorded: type and size of freshwater body, character of the bottom and type of vegetation (Table 2) , pH (measured by digital pH meter), and water depth (measured by ruler). The upper unconsolidated lamina of bottom sediments (up to 3 mm) was sampled.
Laboratory methods
A subsample of 20 cc was wet sieved and the 0.5-0.036 mm fraction was used for the thecamoebian study. Tests were separated from washed residue using a stereomicroscope. A scanning electron microscope (SEM) was used for a detailed study of test morphology.
Thecamoebian abundance was expressed as a number of specimens in 20 c.c. of wet sediment, and diversity is represented by a number of species per sample. Percentage abundances of species were calculated for every sample. Totally, about 15,000 specimens were counted.
STATISTICA software was used for computation of basic statistics. The Pearson correlation coefficient (r) was calculated and its significance was estimated by probability level (P ). Significance was ranked as follows: P ≤ 0.05 was considered borderline statistically significant, P ≤ 0.01 was considered statistically significant and P ≤ 0.005 were considered highly significant.
Results
Characteristics of thecamoebian assemblages
Nineteen species of thecamoebians were identified in the material studied ( Table 2 ). Numbers of species in individual assemblages vary from two to fourteen. Two discrete size categories can be distinguished for two species (Difflugia oblonga and D. globulus) and their abundances were recorded separately. A plexus of very smallsized Centropyxis cannot be determined to the species level (for more details see "Taxonomical remarks").
The most abundant species are Centropyxis orbicularis, Pontigulasia compressa, Centropyxis aculeata, Difflugia oblonga and Centropyxis arcula. Their relative abundances in individual samples are summarized in Table 3A . Generally, species composition of assemblages changes gradually with two end-member postures: one dominated by centropyxids and those dominated by P. compressa. These species represent together 17-98% of assemblages, on an average 68%, standard deviation 21.15. Together with D. oblonga these three most abundant species form 17-100% of assemblages, on the average 82%, standard deviation 19.03.
The following statistically significant correlations between relative abundances of the most common species were recorded (Table 3B) :
(1) Pontigulasia compressa and centropyxids (r = −0.63; P < 10 −7 ) ( Fig. 2) ;
(2) Pontigulasia compressa with Centropyxis aculeata and C. orbicularis (r = −0.34; −0.36; P < 0.01);
(3) Difflugia oblonga with Centropyxis aculeata and C. orbicularis. (r = −0.25; −0.28; P < 0.05)
Centropyxids (mainly C. orbicularis) prefer lowabundance and low-diversity assemblages (Table 3C ; correlation coefficients between thecamoebian abundance and relative abundance of centropyxids = −0.30; P < 0.01; correlation coefficient between relative abundance of centropyxids and diversity = 0.30; P < 0.01). Pontigulasia compressa prefers higher abundance assemblages (correlation coefficient between its relative abundance and thecamoebian abundance = 0.31; P < 0.01).
Composition of thecamoebian assemblages vs. environment
The following statistically significant correlations (P < 0.05) between species abundances and studied environ- (Table 3C) :
(1) Flow rate and abundance of P. compressa (Fig. 3A) : r = 0.32; P < 0.005. Relative abundances of P. compressa in standing water only rarely exceed 10%; higher abundances (> 10%) characterize assemblages from the running water.
(2) Flow rate and abundance of centropyxids ( Fig. 3B) : r = −0.35; P < 0.005. Samples in which centropyxids comprise > 50% were collected only from standing water.
(3) Flow rate and abundance of C. orbicularis (Fig. 3C) : r = −0.23; P < 0.05. Relative abundances > 35% were recorded only in standing water. In fast streams, relative abundances of C. orbicularis do not exceed 20% and more.
(4) Relative abundance of fine organic debris in sediment and abundance of C. aculeata (Fig. 3D) : r = −0.22; P < 0.05. In samples with low content of fine organic debris (to 10%), relative abundances of C. aculeata are higher (> 35%). Low relative abundances of C. aculeata (< 15%) were recorded in samples with more than 50% of fine organic debris.
(5) Relative abundance of fine organic debris in sediment and abundance of D. oblonga (Fig. 3E) : r = 0.22; P < 0.05. Assemblages with higher abundances of D. oblonga appear in samples with higher content of fine organic debris.
(6) Diversity and substratum (Fig. 3F) . In coarser substratum (gravel and sand), assemblages with seven or less species were recorded. High-diversified assemblages with more than seven species were observed at mosses or at algal growth on stones or wood.
Size distribution of Difflugia oblonga
Tests of D. oblonga can be divided into two discrete size categories: small tests with lengths from 100 to 150 µm and large tests with lengths 200-350 µm.
Ratio between relative abundances of these size categories was compared with flow rate, type of substratum and abundance of fine organic debris in stream sediments (Fig. 4A ). Notable differences in environmental affinities of large and small D. oblonga were recorded for flow rate. Generally, relative abundances of large D. oblonga are higher in standing water whereas small specimens prevailed in fast streams (Fig. 4B) .
Centropyxis orbicularis vs. other centropyxids
Negative correlation between relative abundances of C. orbicularis and other centropyxids (r = −0.32; P < 0.01) indicates a possibility of its specific ecological affinities in comparison with other centropyxids. The highest differences were recorded in relation to abundance of fine organic debris in stream sediment (Fig. 5 ). While C. aculeta clearly prevailed in sediment with less of 10% of fine organic debris, C. orbicularis is generally more abundant in samples with 50-80% fine organic detritus. All centropyxids are rare in samples with more that 80% of fine organic debris (Fig. 5) .
Comparison of sampling areas
The area "BP" (the "Kaplický potok" brook and its tributaries in the protective belt of the natural preserve "Boubínsky prales") is characterized by larger creeks with width from 1 to 3 m, faster streams and variegated substratum. Thecamoebian assemblages are more diversified and contain a minimal 5 species (Fig. 6B) . Assemblages with higher relative abundances of D. oblonga (> 15%) and P. compressa (> 25%) were recorded only in this area (Figs 6D, E) . Streamlets with quiet stream and less organic de-bris were sampled in the area "KH" (small tributaries of the "Kubohuťský potok" brook in the cultural forest). Thecamoebian assemblages from this area are characterized by low abundances of D. oblonga (< 15%) and P. compressa (< 15%) (Figs 6D, E) as well as lower abundances of centropyxids, mainly C. orbicularis. The area BJ is represented by standing water of the "Boubínske jezírko" lake though the character of zooplankton is closer to that of flowing water (Kočárek 2003) . Thecamoebian assemblages are characterized by high abundances of centropyxids (> 70%) and low abundances of D. oblonga (< 10%) and P. compressa (< 25%) ( Figs 6C-E) .
Discussion
Lakeside vegetation, climatic conditions and nutrient regime are factors suggested to control the distribution of modern lake thecamoebians Patterson et al. 1985; Collins et al. 1990; Dalby et al. 2000) . Study of assemblages from the standing and running water showed an influence of flow rate and character of substratum on the composition of thecamoebian assemblages (Holcová 2007) .
Thecamoebian assemblages from the streams of the Boubín area are strongly comparable to the assemblages from the Upper Vltava River (Holcová 2007) . Centropyxids and Pontigulasia compressa dominated in both areas and high negative correlation between abundances of these groups was recorded also in the both areas. Generally, centropyxids dominated in the lowerdiversity assemblages from the standing water. The assemblages with common to abundant P. compressa are higher diversity and originate from streams. Comparing the boundary levels for both areas, the assemblages from standing water contain at least 30% of centropyxids and less than 20% of P. compressa. In fast streams, relative abundances of centropyxids do not exceed 50% and abundances of P. compressa are higher than 10%.
Previous environmental data concerning Difflugia described its affinity to sapropelitic environments (Medioli & Scott 1988; Collins et al. 1990; Dalby et al. 2000) . This agrees with the positive correlation between fine organic debris in sediments and relative abundances of D. oblonga recorded from the Boubín area.
Based on results from the Boubín area, test size of D. oblonga could be controlled by flow rate. In previous studies variations in thecamoebian test size were associated with temperature and abundance of food only (Ogden & Meisterfeld 1989; Bobrov et al. 1999) . Therefore, the results from the Boubín area showed new environmental factor which may affect test size of thecamoebians.
Centropyxis spp. are characterized as opportunistic taxa that adapt to a variety of unfavourable conditions, including low nutrient level, low temperature, low salinities, and contamination of water Schönborn 1984; Patterson et al. 1996; Patterson & Kumar 2000a , b, 2002 . The opportunistic character of centropyxids confirms also data from the Šumava areas (Holcová & Lorencová 2004b; Holcová 2007; this work) where: (i) Centropyxids prevailed in the low-diversified and low abundant assemblages; (ii) The negative correlation between relative abundances of C. aculeata and fine organic debris in sediment indicate its affinity to lower nutrient level and (iii) Centropyxids bloomed in water bodies after flood event.
The relative abundances of C. orbicularis showed the negative correlations with abundances of other centropyxids in the both Šumava areas. It may indicate different ecological affinities of both groups. Whereas ecological factors controlling distribution of C. orbic-ularis cannot be defined in Vltava area, the analysis of distribution of C. orbicularis vs. other centropyxids in the Boubín area indicates that C. orbicularis may tolerate higher levels of fine organic debris in stream sediments.
An analysis of relations between diversity of assemblages and character of substratum provided some controversial data. While the diversity is low for assemblages from the coarse substratum (sand to gravel) in the both Šumava areas, differences were reported for the assemblages from mosses and algae. A lower number of species in assemblages were recorded on water plants in the Vltava area similar to results of Opravilová (1980) from the Bobrava River. In contrast, Laminger (1974) reported the most abundant and diversified assemblages from mosses and algae in the Danube River -similar to results in the Boubín area.
Differences in composition of thecamoebian assemblages from three sample areas ("KH" "BJ" and "BP") reflect different character of the water bodies sampled. Large streams with varied substratum of the "Kaplický potok" brook and its tributaries in the protective belt of the natural preserve "Boubínsky prales" ("BP" area) contain higher diversity assemblages with variegated species composition. Small streams with low content of fine organic debris in the "KH" area are characterized by low diversity assemblages. The assemblages from the "Boubínske jezírko" Lake ("BJ" area) are comparable with other assemblages from the standing water [high percentage of centropyxids and low of D. oblonga and P. compressa, Holcová (2007) ], though character of zooplankton is near to flowing water (Kočárek 2003) .
In comparison with thecamoebian assemblages from lakes (e.g., Medioli & Scott 1988; Asioli et al. 1996; Patterson et al. 1996; Reinhardt et al. 1998; Patterson & Kumar 2000) , the assemblages from the Boubín area are low-diversified with uniform species composition. Common lake species like Cuccurbitella tricupsis and diversified difflugias were not recorded what is probably caused by oligotrophic condition in streams from the Boubín area. Both C. tricupsis and difflugias are associated with eutrophic condition Patterson et al. 1996) .
Conclusions
(1) Thecamoebian assemblages were analysed in seventyeight samples collected from small streams of the area of the Boubín Mountain (Šumava Mts, Czech Republic). In total, nineteen species were identified, and the assemblages are characterized by dominance of Centropyxis orbicularis, Pontigulasia compressa, Centropyxis aculeata, Difflugia oblonga and Centropyxis arcula. The assemblages were compared with the previously analysed Šumava thecamoebians from the Upper Vltava River.
(2) A high negative correlation between abundances of Centropyxis spp. and Pontigulasia compressa was noted, similar to the area of the Upper Vltava River. Assemblages dominated by centropyxids are lowdiversity and originated mainly from standing water. Higher-diversity assemblages with common to abundant occurrences of P. compressa prefer running water.
(3) Another common species, D. oblonga, was common to abundant mainly in the flowing water with higher content of fine organic debris. Size distribution of D. oblonga was studied: the large D. oblonga dominated in standing water whereas small specimens prevailed in fast streams.
(4) The negative correlation between relative abundances of C. aculeata and fine organic debris in sediment indicate tolerance of this species to lower nutrient levels. A negative correlation between abundances of C. orbicularis and other centropyxids in the both Šumava areas was expressed in the different environmental conditions preferred by each taxon. C. orbicularis may tolerate higher levels of fine organic debris in stream sediments in comparison with other centropyxids.
(5) Differences in composition of thecamoebian assemblages from three sample areas ("KH" "BJ" and "BP") reflect the different character of water bodies that were sampled. The thecamoebian assemblages from the "Boubínske jezírko" Lake can be comparable with other assemblages from the standing water though the character of zooplankton is more comparable to the flowing water (Kočárek 2003) .
Taxonomic remarks
Two concepts of thecamoebian taxonomy are presented in the literature: a splitter concept with many species defined by small differences [in recent literature represented by e.g., Ellison & Ogden (1987) , Ogden & Hedley (1980) , Bartoš (1954), etc.] . A "synthetic" concept based on study of variability in large populations was published by . The concept of Reinhardt et al. (1998) with small number of species divided into strains lies between these above mentioned concepts.
Here we follow that of . It is described in detail by Holcová (2007) . Species must be clearly distinguishable from one another taking into account the variability of larger populations. Described in the taxonomical remarks below is the range of morphological variability specific for the thecamoebians from the Boubín area.
Arcella spp. (Pl. 1) All beret-shaped tests without foreign material were classified to the genus Arcella. Specimens are variable but their small number make impossible to evaluate their variability. All specimens have dorsal side without segments, a lip around the aperture, pores surrounding aperture and vary in shape of aperture. Notable is triradial aperture (Pl. 1, Fig. 2 ) similar to xenogenous tests of Centropyxis arcula.
Centropyxis aculeata (Ehrenberg, 1832) (Pl. 1, 22, 23) The general shape of tests in the dorsal view can be either elliptical or circular. The circular form prevailed. The aperture is circular to elliptical with eccentric position. Spines may be or may not be presented. The length of spines is variable. Use of smallsized C. aculeata like xenosomes was observed (Pl. 1, Fig. 21 ).
Test size varied from 60 to 200 µm.
Plexus of small-sized Centropyxis
Length of tests varies from 36 to 50 µm. The tests varied in shape of tests (circle to elliptical). Shape, size and location of aperture are also variable. Spines were not 
